We immobilized individuals of two species of free-ranging South American foxes, including 28 chilla foxes (Pseudalopex griseus; 13 males and 15 females) and five culpeo foxes (Pseudalopex culpaeus; four males and one female). Animals were trapped and chemically immobilized with ketamine and medetominide (K-M), ketamine and xylazine (K-X), or tiletaminezolazepam (Z). Heart and respiratory rates, hemoglobin oxygen saturation (SpO2), rectal temperature, and palpebral and anal reflexes were measured at 5-min intervals. Data were analyzed to compare the effect of anesthetic combinations on induction and recovery times, body reflexes, and physiological variables over time. In both species, K-M gave the shortest induction time, followed by K-X and Z. Palpebral and anal reflexes in chilla foxes immobilized with K-M were maintained in more animals than those treated with either K-X or Z. Animals immobilized with Z had higher heart and respiratory rates than those immobilized with either of the other two combinations. Rectal temperature decreased over time for all combinations. Foxes immobilized with K-M maintained a higher SpO2 than those immobilized with either K-X or with Z. All anesthetic combinations were satisfactory in inducing rapid and safe immobilization of the species studied. The anesthetic plane and the effects on physiologic parameters were better in animals immobilized with K-M than with either K-X or Z, and we recommend this anesthetic combination for use in Chilean foxes. Nevertheless, all three drug combinations used were satisfactory in inducing rapid and relatively smooth anesthesia.
INTRODUCTION
Restraint and chemical immobilization of wild animals in the field is an important area of veterinary research. The establishment of safe chemical immobilization procedures is required to minimize distress, pain, and restraint time of captured animals (Burroughs, 1993) . Many anesthetic drugs, and their combinations, have been used for the restraint of wild carnivores (Adams, 2001) . Ketamine hydrochloride (K) is one of the most used in wild carnivores either as the sole anesthetic agent or in combination with other drugs. As a dissociative anesthetic in the cyclohexamine group, K produces cataleptoid anesthesia with moderate analgesia (Burroughs, 1993) . The main advantages of K include wide margin of safety in a wide range of species, minimal respiratory or cardiovascular effects, rapid absorption, low cost, and global availability. Disadvantages include excessive salivation, muscular contraction, mydriasis, corneal or retinal damage by sun or strong light, and rough inductions and recoveries (Adams, 2001) .
Combinations of K with tranquillizers, such as the a-2 adrenergic agonists xylazine hydrochloride (X) and medetomidine (M), have been developed to enhance anesthesia and to reduce the undesirable side effects produced by K, especially convulsions and cataleptic effects (Knight, 1980; Adams, 2001) . The use of adrenergic agonists generally reduces the dose of anesthetic drugs required to obtain immobilization or general anesthesia. Adrenergic agonists are sedative and analgesic, producing muscle relaxation and anxiolysis (Sinclair, 2003) . Xylazine produces potent depression of the central nervous system, leading to sedation, and has a synergistic action in the sedation effect with K (Knight, 1980) . The disadvantages include regurgitation in carnivores, reduction in heart rate and blood pressure, and excessive salivation (Knight, 1980) . Also, X may induce abortion in late pregnancy and it can cause a reduction in rectal temperature (Shindle and Tewes, 2000) . Medetomidine is the most potent and highly specific a-2 adrenergic agonist available for use in veterinary medicine, with 200 times the selectivity and 10 times the affinity for adrenoreceptors when compared with X (Virtanen et al., 1988) . Medetomidine induces a longer duration of sedation and analgesia than X (Jalanka and Roeken, 1990; Sinclair, 2003) . Adverse effects associated with M include bradycardia, respiratory depression, hypothermia, and hypertension, often followed by peripheral hypotension (Jalanka and Roeken, 1990) . However, M-induced sedation can be reversed using the potent and selective a-2 adrenoceptor antagonist atipamezole (A; Jalanka and Roeken, 1990) . Thus, the use of K-M combination for wild mammal immobilization has increased considerably over recent years.
Another immobilization drug commonly used in wild mammals is the dissociative anesthetic/tranquilizer combination, ZoletilH (Z) (tiletamine-zolazepam, Virbac, Carros, France; Burroughs, 1993) . Immobilization using Z is characterized by a rapid induction, good muscle relaxation, and maintenance of swallowing reflexes. Zoletil has highly predictable anesthetic effects with minimal depression of physiologic functions; it also has wide safety margins, which makes it useful for immobilization when body mass is difficult to estimate (Samelius et al., 2003) . This is especially important when working in the field with free-ranging wildlife, where clinical pre-examination usually is not possible. Special precautions should be taken with geriatric and debilitated animals. Disadvantages are similar to those with K, including cardio-and respiratory depression and low body temperature (Burroughs, 1993) .
These combinations have been widely used for immobilizing wild foxes worldwide (e.g., Kreeger et al., 1990b; Aguirre et al., 2000; Fuglei et al., 2002; Telesco and Sovada, 2002; Samelius et al., 2003; Baldwin et al., 2008) ; however, no studies have been published comparing their effects when used for restraining freeranging foxes. Although some studies have been conducted on the chemical immobilization of free-ranging carnivores in South America (e.g., Selmi et al., 2004; Soto-Azat et al., 2006) , none has focused on the immobilization of wild foxes of the genus Pseudalopex under field conditions. As part of a larger study on the epidemiology of diseases in free-ranging foxes in Chile, we assessed the immobilization of two fox species, chilla (Pseudalopex griseus) and culpeo (Pseudalopex culpaeus), using one of three anesthetic combinations: K-M, K-X, or Z.
MATERIALS AND METHODS

Study area
The study area was a 1,600-km 2 range located in the Coquimbo region in northcentral Chile, which includes the Fray Jorge National Park, a 100-km 2 protected area (29u589-30u399S, 71u129-71u409W). The climate is arid steppe with a short rainy winter of 3 mo. Annual temperature ranges from 25 C to 28 C with an annual average of 14 C. The average annual rainfall is 113 mm, with 90% falling in the winter (May-September). The average relative humidity is 85% and the maximum average temperature reaches 23 C in January, during the austral summer.
Immobilization
Wild foxes were captured with soft-catch leg-hold traps (Victor Soft Catch No. 1.5, Chagnons Trapping Supply, Manistique, Michigan, USA) or home-made single-door cage traps (105350337 cm) incorporating an internal squeeze panel. Leg-hold traps were anchored in the soil using an iron chain attached to two crossed metal stakes. Both types of trap were baited daily with tuna or chicken meat. Leg-hold traps were closed during periods of inclement weather (rain or extreme cold) and during the daytime to avoid unnecessary capture of nontarget species. Initially we checked the traps hourly throughout the night, but this proved too much of a disturbance to allow the capture of foxes. Therefore, we reduced the time period between checking each trap until an interval of 6 hr was found to allow trapping success without harm to any trapped foxes. Foxes trapped in leg-hold traps were manually restrained with a hand-held small mesh butterfly-like net specially designed for this purpose and were injected intramuscularly with an anesthetic combination. Animals captured in cage traps were restrained within the trap using the squeeze apparatus and injected intramuscularly.
Before injection, the body weight of the trapped fox was estimated to determine the appropriate dose of anesthetic agent. Estimated body weights ranged from 2.5 to 4.0 kg for P. griseus and 7.0 to 9.0 kg for P. culpaeus. Animals were injected with one of the following three anesthetic combinations: 1) K (KetostopH, Drag-pharma Invetec S.A., Santiago, Chile) 2.5 mg/kg in combination with M (Domitor, Pfizer, Madrid 28002) 50 mg/kg and reversed using A (Antisedan, Pfizer) 250 mg/kg); 2) K 13 mg/kg in combination with X (RompunH, Bayer, Santiago, Chile) 1.63 mg/kg; or 3) Z (ZoletilH, Veterquímica, Santiago, Chile) 5 mg/kg. Once animals became chemically immobilized, they were weighed using a hand-held spring balance (60.1 kg), and the doses of the chemical agents given were obtained. The K-M combination was used to immobilize two male and eight female chilla foxes (three juveniles and seven adults) and one adult male culpeo fox. With the K-X combination, eight male and five female chilla foxes (four were juvenile and nine adult) and four culpeo foxes (three male and one female, of which two were juveniles and two were adults) were immobilized. Finally, three male and two female chilla foxes (all adult) were immobilized with Z.
Monitoring of anesthesia included recording rectal temperature, heart rate, respiratory rate, and hemoglobin oxygen saturation (SpO2) every 5 min. Heart rate and SpO2 were measured using a hand-held pulse oximeter (Palco 300, Scotts Valley, California, USA), with the probe attached to the tongue or lip. Respiratory rate was determined with a stethoscope and visually by observing chest movements for 1-min periods. Rectal temperature was measured using a digital thermometer.
Blood (collected from the cephalic vein) and feces (collected per rectum) were taken from each immobilized animal for use in an epidemiologic study. Each animal was eartagged to avoid resampling during recaptures. Standard body measurements were recorded. Fat score was estimated using a scale developed for dogs by Edney and Smith (1986) , by assigning a fox a score from 1 to 5 if it was: gaunt51, slim52, optimal53, overweight54, or obese55, on the basis of subcutaneous fat deposit estimation. The mass index was calculated by dividing the weight by the body length (nose to base of tail) of each animal to provide an additional estimate of body condition. Animals were categorized by sex and age (juvenile or adult on the basis of incisor wear and eruption; Gipson et al., 2000) . To prevent hypothermia or hyperthermia, immobilized animals were placed on a blanket and wrapped or moistened depending on rectal temperature. To minimize stress during the procedure, noise levels were kept to a minimum and each animal's eyes were covered to avoid damage. Each trapping site was georeferenced with a geographic positioning system device (Etrex, Garmin). Capture and handling procedures were approved by the Ethics Committee of the Zoological Society of London and were authorized by the Chilean Bureau of Agriculture and Livestock.
To compare the individual response to the different anesthetic combinations, three parameters were measured: induction time (IT; defined as the interval from injection to the time the animal became motionless and failed to respond to stimuli); recovery time (RT; time from when the animal became motionless until the first voluntary movement of the head; Grassman et al., 2004) ; and depth of anesthesia (monitored by determining whether palpebral and anal reflexes were present). These parameters were measured every 5 min. Capillary refill time also was measured to assess blood pressure. After sample collection, each cage-trapped animal was placed back into the cage and monitored until it had achieved full recovery, then released. Animals trapped with leg-hold traps were returned to the site of capture when they showed evidence of recovery and were monitored from a distance until fully recovered.
Statistical analysis
The Mann-Whitney U-test was used to determine whether statistical differences existed in the dose of drugs used in the K-X and K-M anesthetic combination by sex or age (Z was not analyzed given the small number of animals given this anesthetic combination), or in the induction and the recovery times produced by each anesthetic combination.
Because the anesthesia of animals immobilized with the K-M combination was antagonized using A, we were able to make comparisons of the recovery time only between K-X and Z. The total number of records of animals with or without palpebral and anal reflexes during the immobilization procedure was counted and a chi-square test was used to test differences among anesthetic combinations. For each combination, a multivariable forward regression analysis was used to assess the relationship between drug dosage, body mass index, and body fat score (independent variables) and IT and duration of immobilization (dependent variables). General linear model (GLM) analysis was used to compare the effect of anesthetic combinations on the physiologic variables measured over time, using combinations as an independent variable, physiologic effect as dependent variable, and time as the continuous variable. Comparisons between anesthetic combinations were performed using Tukey's honestly significant difference test. Statistical analyses were conducted only when at least five animals were present in each group. Therefore no statistical analyses were conducted to compare combinations among culpeo foxes and we conducted statistical analyses for chilla foxes only for up to 30 min of immobilization using K-X and Z combinations and for up to 20 min for the K-M combination. Statistical analyses were conducted using Statistica 7.0. Acceptance of significant differences was set at P,0.05.
RESULTS
A total of 33 animals was captured, 28 chilla foxes and five culpeo foxes. Ten of the chilla foxes were immobilized using K-M, with a mean6SD dose of 2.860.3 mg/kg of K and 5665.8 mg/kg of M, which was reversed with 291658 mg/kg of A; 13 chilla foxes were immobilized with 13.564.2 mg/kg of K and 1.660.4 mg/kg of X, and five with 4.863.2 mg/kg of Z and 4.863.2 mg/kg T (Table 1) . One culpeo fox was immobilized with K-M (2.5 mg/kg of K and 55 mg/kg of M and reversed with 275 mg/kg of A) and four culpeo foxes were immobilized with K-X: 17.464.5 mg/kg of K and 1.960.9 mg/kg of X (Table 1) . For the K-M and K-X anesthetic combinations in chilla foxes, neither sex nor age (adult vs. juvenile) affected significantly the actual dosage of each drug administered. Too few animals were exposed to the other anesthetic combinations to allow meaningful analysis of the effect of sex or age.
Immobilization
In chilla foxes, the IT (mean6SD 5 3.660.9, range 2-5 min) obtained with K-M combination was shorter than that obtained with K-X (6.664.3, range 2-15 min; Mann-Whitney U-test, Z52.12, P50.03), but no difference was detected between the IT observed for K-X and for Z (6.864.4, range 2-13 min; MannWhitney U-test, Z50.28, P50.78; Ta- The difference in the duration of immobilization between the K-X combination (43626 min, range 14-84 min) and the Z combination (80640, 27-135 min) was not statistically significant (MannWhitney U-test, Z51.92, P50.06). For the K-X combination, there was a positive association between the length of immobilization time and fat score, which ranged from 1.5 to 3.5 (r50.69, F 1,12 59.8, P50.01), but there was no association between the period of immobilization and either the actual drug dosage or the body mass index. There was no association between any of the variables analyzed (Z dose, fat score, or mass index) and the length of immobilization induced by the Z combination (P.0.05). A male chilla fox that was injected with almost twice the intended dose of 5 mg/kg of Z because of incorrect estimation of body weight, however, was immobilized for 135 min, 40 min longer than any other animal given this combination. The induction and the reversal times recorded in the only culpeo fox immobilized with K-M (induction: 7 min) and those immobilized with K-X (induction: mean 662.2 min, recovery time: mean 4266 min) were consistent with those recorded for chilla foxes (Table 1) .
Physiologic variables
Intramuscular injection of each anesthetic drug combination rapidly resulted in general anesthesia with excellent skeletal muscle relaxation in all animals. No foxes demonstrated signs of arousal while anesthetized. In chilla foxes, statistically significant differences were found among combinations for their effects on the presence of palpebral (x 2 515.8, P,0.001) and anal reflexes (x 2 530.5, P,0.001). Palpebral and anal reflexes were detected in 100% (95% confidence interval [CI]5 91-100) of records of animals immobilized with K-M, in 65% (95% CI552-77) and 74% (95% 60-84) respectively with K-X, and in 75% (95% CI 57-87) and 40% (95% CI 25-58) respectively with Z. No statistically significant differences were found for the capillary refill time obtained with each combination over time (GLM, F 1,92 50.02, P50.88) or among combinations (K-M: 2.260.8 sec, K-X: 2.560.9 sec, Z: 2.26 0.9 sec; GLM, F 2,92 50.6, P50.53). As in chilla foxes, the palpebral and anal reflexes in culpeo foxes were present when using the K-M drug combination (100% of records for both reflexes) than when using K-X (palpebral: 33% [95% CI519-69] of records and anal: 42% [95% CI 14-61] of records).
Chilla foxes: When comparing the physiologic responses, heart rate was significantly higher using Z (160 beats/min, 95% CI5140-180) when compared with the other combinations (K-M: 87 beats/min, 95% CI572-102; K-X: 103 beats/min, 95% CI592-115; GLM, F 2,107 517.7, P,0.001; Fig. 1a) . No difference was detected between the effects of K-M and K-X on heart rate (Tukey's test, P.0.05). No effect of time was detected on the heart rate, which remained constant throughout the period of anesthesia for each of the combinations (GLM, F 1,107 50.02, P50.9; Fig. 1a) .
Respiratory rate was significantly higher using Z (57 breaths/min, 95% CI548-67) compared with the other combinations (K-M: 32 breaths/min, 95% CI529-35; K-X: 27 breaths/min, 95% CI524-30; GLM, F 2,107 540.3, P,0.001; Fig. 1b) . No difference was detected between the effects of K-M and K-X on respiratory rate (Tukey's test, P.0.05). No effect of time was detected on the respiratory rate, which remained constant throughout the period of anesthesia for each of the combinations (GLM, F 1,107 51.2, P50.27, Fig. 1b) .
In chilla foxes, all anesthetic combinations induced a reduction in the rectal temperature over time (GLM, F 1,107 59.3, P,0.01; Fig. 1c) , with no statistically significant differences among them (GLM, F 2,107 50.64, P50.53). The rectal temperature of foxes that did not recover within 30 min (not included in the analyses) and that were immobilized with K-X reached a plateau of around 37 C 45 min postinjection, and around 36 C after 40 min for those immobilized with Z, with one animal reaching a plateau of 35 C 35 min postinjection.
Although there was no significant difference in the SpO2 either among all combinations (GLM, F 2,107 52.5, P50.08) or over the time of the anesthesia (GLM, F 1,107 51.58, P50.21), post hoc analyses showed that chilla foxes immobilized using K-M had a higher SpO2 (92% vs. 96%) than those immobilized using K-X (84% vs. 93%; Tukey's test, P,0.05; Fig. 1d ). The finding of no significant differences in SpO2 between K-M and Z, or between K-X and Z, and our small sample size could explain the overall nonsignificance (P50.08) when comparing all combinations. Culpeo foxes: Heart rate of the four culpeo foxes immobilized with K-X was maintained over time, decreasing slightly from a mean of 99618.2 beats/min (range575-117) to 92.769 beats/min (range584-102) after 15 min. The respiratory rate in these culpeo foxes also decreased slightly over time, from a mean of 2365.3 breaths/min (range518-24) to 1963.5 breaths/min (range516-24) after 15 min. Anesthesia with K-X caused a reduction in rectal temperature in culpeo foxes over time, from a mean of 39.560.3 C immediately after induction to 38.560.6 C after 15 min. Also, as was seen in the chilla foxes, the SpO2 remained stable over time (85.3610.7% to 85.868.3%) in the culpeo foxes anesthetized with K-X at 15 min postinjection. The only culpeo fox immobilized using K-M showed a reduction in heart rate from 96 to 65 beats/min, a reduction in respiratory rate from 16 to 12 breaths/min, a reduction in the rectal temperature from 39.5 C to 36.9 C, and a reduction in SpO2 from 92% to 88%.
DISCUSSION
All anesthetic regimens used gave a suitable depth of anesthesia for basic handling and sampling, but each regimen affected physiologic parameters differently. The doses used in each of the anesthetic combinations were reported to be safe in other wild canids and were recommended by the manufacturer (e.g., Samelius et al., 2003) .
Induction time typically varies with the specific drug and dosage used (Larsen and Kreeger, 2007) . The shorter IT obtained with K-M compared with K-X might have been due to the more powerful effects of M compared with X (Larsen and Kreeger, 2007) . The similar RT obtained between animals immobilized with K-X (436 26 min) and Z (81640) is in agreement with previous studies on wild canids. A RT ranging from 45 to 60 min has been reported for wild coyotes immobilized with K-X (Mulder, 1978) ; a RT of 60 to 90 min was described in free-ranging gray foxes immobilized with ,10 mg/kg Z (Ballard et al., 1991) ; and a RT of ,40 min was found in captive gray wolves using similar dosages to those used in our study (i.e., 5 mg/kg of Z; Kreeger et al., 1990a) . Nevertheless, the similar RT between K-X and Z could be an artifact of the small sample size of the group immobilized with Z (n55), resulting in no statistical difference between combinations even though animals immobilized with Z on average took twice as long to recover than those immobilized with K-X.
The pharmacokinetics of general anesthetic drugs are affected by the amount of adipose tissue present because the absorption and release of the drugs by fat produces a prolonged and less predictable anesthetic effect (Hall et al., 2001) . Therefore, animals with more adipose tissue are expected to show prolonged induction and immobilization times compared with animals with less adipose tissue. In our study we found a positive relationship between induction time with the K-M combination and body mass index. Similarly, there was a positive relationship between the RT obtained using the K-X combination and body fat score. Why we did not find a relationship between each of the adipose tissue indices and both measured variables with all drug combinations is unknown, but could be due to the chemical characteristics of each drug or the small sample sizes.
The normal physiologic parameters of the species anesthetized in this study have not been reported, so our analysis was based on the assessment of these parameters during the course of anesthesia. The heart rate remained stable during immobilization when an a-2 agonist was used (K-X and K-M combinations), which contrasts with previous reports where a-2 agonists, including M, were reported to have negative cardiovascular effects (Larsen and Kreeger, 2007) . However, studies on wild canids using K-M demonstrate varied and contradictory effects, including increasing or decreasing of heart rate (for a review see Larsen and Kreeger, 2007) . The Z combination induced a higher, but stable, heart rate (of ,200 beats/min) than either of the other two combinations. In carnivores, the effects of Z on heart rate has been inconclusive, apparently depending on a variety of variables, including the species involved (e.g., Samelius et al., 2003; Selmi et al., 2004) .
The stable respiratory rate in immobilized chilla foxes for each anesthetic combination is similar to findings of Kreeger et al. (1990a) , who used Z to immobilize gray wolves, but contrasts with an increase or a decrease in respiratory rate reported by others when using KM to immobilize free-ranging canids (Aguirre et al., 2000; Sladky et al., 2000) . No apnea or other undesirable effects on the respiratory system were noted in either fox species studied for any anesthetic combination used. An increase in respiratory rate induced by Z in our study contrasts with a reduction in respiratory rate over the course of anesthesia found by Ballard et al. (1991) in gray wolves. The high (92% to 96%) oxygen-hemoglobin saturation in chilla foxes immobilized with K-M is similar to that found in a study for this drug combination in Arctic foxes (Aguirre et al., 2000) and the K-X-induced oxygenhemoglobin saturation of 84% to 91% in chilla foxes is similar to the findings of Osofsky et al. (1996) using K-X to immobilize African wild dogs (Lycaon pictus).
We found a reduction in rectal temperature over time in all immobilized foxes, regardless of the combination used. This is similar to results of studies of K-X and K-M in the red wolf (Canis rufus: Sladky et al., 2000) and studies of immobilization of the gray wolf using Z (Kreeger et al., 1990a) . This reduction has been attributed to the depressive effect of these drugs on the central nervous system in combination with a reduction in muscular activity (Sinclair, 2003) . Rectal temperature, therefore, should be monitored frequently in chemically immobilized animals, especially small animals, which are more prone to heat loss and hypothermia and appropriate measures should be taken to conserve body heat and prevent excessive reduction in body temperature (Sinclair, 2003) . In our study, palpebral and anal reflexes in chillas immobilized with K-M were maintained in more animals than in those treated with the K-X or Z combinations. These reflexes are a useful tool for monitoring the depth of anesthesia (Flecknell, 1996) . The K-M combination provided the most ideal anesthetic plane, characterized by persistence of reflexes with absence of response to stimuli. This probably was due to the small dose of K required with the use of M and the high receptor selectivity of M.
Zoletil has been successfully used for the immobilization of captive and freeranging canid species (e.g., Kreeger et al., 1990a; Samelius et al., 2003) and its use has been recommended for culpeo foxes (Kreeger, 1992) ; however, during our study, animals restrained with this combination showed the poorest response when compared with the other two combinations used, with higher heart and respiratory rates and a tendency for longer induction and recovery times. In contrast, immobilization with K-M gave a shorter induction time, had the least impact on physiologic responses, provided a consistent depth of anesthesia with maintained reflexes, and could be rapidly reversed at the end of the sampling procedure. Because sample sizes were small this study cannot been considered as conclusive. Nevertheless all three drug combinations used were satisfactory in inducing rapid and relatively smooth anesthesia. The beneficial characteristics associated with K-M, however, lead us to favor this drug over K-X or Z for the chemical immobilization of South American foxes. We did not antagonize X when using the K-X combination since we aimed to compare the effect of this combination with Z until animals recovered naturally. Further study is needed to determine whether foxes immobilized with K-M and antagonized with A recover faster than those immobilized with K-X antagonized with yohimbine.
